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Simulation of lithium transport along the thin segments of Henle's loop.
Although the renal clearance of lithium is widely used as an index of
sodium and water delivery to the end of the proximal tubule, mi-
cropuncture studies of superficial nephrons suggest that lithium may be
reabsorbed additionally in the loop of Henle. In order to examine the
possibility of lithium transport in the thin loop segments of deep
nephrons, we conducted a computer simulation study using a modifi-
cation of the mathematical model reported previously [1]. The data for
the model were obtained from measurements of osmolality and electro-
lyte concentrations in systemic plasma and renal papillary interstitial
fluid of control and furosemide-treated rats. Papillary interstitium/
plasma Li concentration ratios were 3.23 and 1.48 in the control and
the furosemide group, respectively. Assuming that solute concentration
in the renal medulla increases as an exponential function, and applying
phenomenological coefficients obtained from hamsters, the transport
profiles of Li along the thin loop segments were calculated to be very
similar to those of Na. In the control group, about 82% of delivered
Li was reabsorbed along the entire thin loop segments, with all
segments contributing equally. This value may represent the highest
possible capacity of the thin loop segments. In the furosemide group,
Li reabsorption in the thin loop was reduced to 31% of delivered Li.
From these analyses, we conclude that an appreciable amount of
lithium may be reabsorbed in the thin loop segments of long-looped
nephrons by passive mechanisms. Furosemide inhibits Li reabsorp-
tion by dissipating the osmotic concentration gradient in the renal
medulla. The findings suggest that results from lithium clearance may
underestimate end-proximal fluid delivery in deep nephrons and that
lithium clearance studies should therefore be interpreted with caution,
particularly in situations where the medullary osmotic gradient is likely
to be disturbed.
The renal clearance of lithium has been widely used in a
variety of studies in animals and humans as a tool to estimate
sodium and water delivery to the end of the proximal tubule [21.
Its use is based on the premise that filtered lithium is reabsorbed
in the proximal tubule in the same proportion as sodium and
water, whereas no lithium is reabsorbed in more distal nephron
segments. Although a great deal of circumstantial evidence has
accumulated in support of this premise [3—7], the observation
that loop diuretics which act on the thick ascending limb of
Henle can increase lithium clearance seems inconsistent [2,
8—11]. Moreover, in a recent micropuncture study, Shirley,
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Walter and Sampson [12] found that in rats given furosemide
the fractional delivery of lithium at the early distal tubule
increased markedly, even though lithium delivery at the late
proximal tubule was unchanged. This suggests that a significant
amount of lithium is reabsorbed in the loop of Henle of
superficial nephrons.
With regard to the possible contribution of the loop of Henle
of deep nephrons to the renal handling of lithium, Imai et a! [13]
suggested that both descending and ascending thin limbs have
the potential to transport lithium by passive diffusion, since
lithium permeabilities in both these segments are very high
[13—15]. Assessment of the direction and magnitude of lithium
fluxes requires knowledge of lithium concentrations in the renal
medullary interstitium. Although it has been reported that in
dogs [16] and rats [17] the tissue concentration of lithium in the
medulla is greater than that in the cortex, such measurements
are of limited value in the present context since lithium con-
centrations inside cells are different from those in extracellular
fluid [18]. What is needed is a measure of true interstitial lithium
concentration. In the present study, therefore, we first mea-
sured the osmolality and the concentrations of sodium, potas-
sium and lithium of renal papillary interstitial fluid, obtained by
the method of sequential centrifugation [19]. The measurements
were made in two groups of rats: a control group and a
furosemide-treated group. The second stage of the study was to
use these values in a computer simulation of the function of the
thin loop segments [1] to determine the profiles of lithium
transport along these segments. The results of the simulation
suggest that substantial lithium reabsorption takes place along
the thin limbs of the loop of Henle.
Methods
Measurement of solute concentrations in the renal papilla
Experimental protocol. Male Sprague-Dawley rats (weight
range 270 to 310 g), which up to the time of anesthesia had been
allowed free access to water and standard rat food, were
anesthetized with mactin (120 mg/kg, i.p.; Byk Gulden, Kon-
stanz, Germany) and prepared surgically for micropuncture.
Cannulae were inserted into a jugular vein, a femoral artery and
the bladder; the left kidney was exposed using a flank incision,
the kidney placed in a Perspex cup and the ureter cannulated.
Isotonic saline, containing LiCI (8 mM), was infused i.v. at 30
.dImin. One hour after the completion of surgery the rats were
divided into two groups: (i) a control group (N = 12), which
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remained on the same infusion for a further five to six hours; (ii)
a furosemide group (N = 10), which received i.v. furosemide
(2.5 mg/kg per hr; Hoechst) for five to six hours. Furosemide-
induced urinary losses were replaced by i.v. infusion of a
solution containing 135 m NaC1 and 15 m KC1. During the
final four to five hours of infusion, both groups of rats were
subjected to micropuncture, the results of which have been
reported separately [121. Then the left renal pedicle was
clamped, the kidney quickly removed, and the papilla excised.
After blotting, a sample of papillary interstitial fluid was ob-
tained by a modification [19] of the method of sequential
centrifugation [20]. Briefly, this involved transferring the papilla
to a perforated autoanalyzer pot which nestled in a second pot,
both of which contained cooled paraffin oil, and centrifuging at
200 g for 10 minutes. This was followed by a second centrifu-
gation, at 2000 g, for a further 10 minutes. Fluid collected in the
lower pot from the first spin was discarded (being contaminated
by collecting duct fluid); that from the second spin was analyzed
as papillary interstitial fluid. Previous studies have shown that
in vasopressin-infused rats this fluid has: (i) an osmolality close
to that of ureteral urine; (ii) an inulin concentration of not more
than 5% of that of ureteral urine; (iii) sodium and potassium
concentrations which differ markedly from those of either
ureteral urine or intracellular fluid [20, unpublished observa-
tions].
At the time of clamping the renal pedicle, a 2 ml sample of
femoral arterial blood was taken for analysis of plasma.
Analyses. Plasma sodium and potassium concentrations were
measured by flame photometry (Instrumentation Laboratory,
Warrington, UK), and plasma osmolality by freezing point
depression (Roebling, Camlab, Cambridge, UK). Sodium and
potassium concentrations in papillary interstitial fluid were
measured, after 20-fold dilution with de-ionized water, by
helium glow photometry (Aminco, Silver Spring, Maryland,
USA), and papillary interstitial fluid osmolality by freezing
point depression, using an anoliter osmometer (Charing Cross
& Westminster Electronics, London, UK). For lithium mea-
surements, samples of plasma and papillary interstitial fluid
were first diluted 1000-fold with de-ionized water, then ana-
lyzed using a Perkin-Elmer 3030 atomic absorption spectrome-
ter with HGA 600 furnace and A6-60 autosampler; the graphite
tubes were coated with ammonium heptafluorotantalate [21].
Computer simulation
Using the values obtained in the two groups of rats, we
performed a computer simulation of profiles of solute transport
along the thin loop segments in each experimental condition.
We considered only four solutes: NaCl, KCI, LiCl and urea.
Urea concentration in the renal papilla was calculated by
assuming that total solute concentration (osmolality) was the
sum of these four solutes. For plasma urea concentration, we
used a value of 5 m in both groups of rats.
Mathematical model
The mathematical model used in this study was essentially
the same as that previously reported [1], except that equations
necessary to incorporate lithium transport were introduced.
The mass balance equations for water and solutes, 5, can be
expressed as follows:
dV/dx= —Jv
d([S]1V)/ dx =
(Eq. 1)
(Eq. 2)
where V is volumetric flow rate, J, is volumetric flux per unit
length of the tubules, [S]1 is luminal concentration of solute, and
J is solute flux per unit length. Equation (2) can be simplified
to:
d[S]1/ dx = (J + [S]1J)/ V (Eq. 3)
where S represents Na, K, Li and urea. Equations (1) and
(3) constitute a set of first order differential equations. Accord-
ing to non-equilibrium thermodynamics [22], the transmural
fluxes of water and solutes can be expressed as:
Jv L RTA (crNa [Na] + K i[K] + Li [Li]
+ if a [C] + 0urea i[urea])
JNa = Na A([Na] — [Na]m FVT/RT)
— [Na]m (1 — ONa) Jv
(Eq. 4)
(Eq. 5)
JK PKA(L[K] — [K]m FVT/RT) — [K]m(1 K) Jv
(Eq. 6)
JLi PLIA([Li} — [Li]m FVT/RT) [Li]m(l — ELi) .Tv(Eq. 7)
Jurea = urea Ai.[urea] — [urea]m( 1 — aurea) v (Eq. 8)
C1 was assumed to be determined by electroneutrality. In
these equations, Lp is hydraulic conductivity; permeability
coefficient for each solute 5; i[S], transrnural concentration
difference for each solute; A, surface area per unit length of
tubule; F, Faraday constant; R, gas constant; and T, absolute
temperature. Mean intramural concentration of solute 5, [S]m,
was calculated as:
[S]m = i.[S] / ln([S]1 / [S]) (Eq. 9)
where i and 1 represent interstitium and lumen, respectively.
For simplicity, osmotic coefficients for all solutes were assumed
to be 1.0. Transmural voltage, VT, was approximated by the
following Goldman's equation:
VT
—
RT (PNa/Pc1)[Na]i + (PK/Pcl)[K] + (PLI/Pcl)[Li]i + [C1]1ln (PNa/Pc,)[Na11 + (PK/PcI)[K]l + (PL/Pc,)[Li]I + [CF]1
Simulation study
(Eq. 10)
Profiles of solute concentrations and mass flow rates along
the thin loop segments were calculated by solving step-wise a
set of first order differential equations (Eqs. I and 3) with a step
size of 1 m for dx by incorporating Equations 4 to 10.
Transport parameters for the hamster, rather than the rat, were
used. The reason for this is that not all the relevant transport
characteristics have been documented for the rat, but those
values which are known are almost identical to those of the
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LDLu LDLI ATL
L io— cm 653 517 0
M1 5'
Na io— cm 45.0 4.2 87.6 (79.6)
s—i
K iO cmSi 85.3 6.7 98.6 (96.3)
Li io— cm 43.0 4.2 40.0
s—i
rea io— cm 1.5 7.4 18.5 (22.8)
s—i
PNa/PC 3.98 (5.03) 0.68 (0.61) 0.38 (0.43)
'KCl 4.90 (6.44) 1.09 (1.02) 0.49 (0.52)
'LJ'Cl 4.10 0.68 0.14
0Na 0.83 1.00 1.00
K 0.81 1.00 1.00
aLl 0.83 1.00 1.00
0ura 1.00 0.90 1.00
hamster [15, 23, 24]; it is therefore not unreasonable to assume
that transport characteristics of thin loop segments are very
similar in these two species. Phenomenological coefficients
used in this study are summarized in Table 1. As a frame of
reference, some values obtained from rats are also given in
parentheses. We assumed the lengths of outer and inner me-
dulla to be 1.5 and 4.7 mm, respectively, which have been
reported for the rat kidney [25]. We further assumed that the
transition from the upper to lower portion of the descending
limb is the border between the outer and inner medulla. The
inner diameter of the descending limb was assumed to be 18 .tm
throughout [25]. Based on the data reported for the rat kidney
medulla [26], we assumed that the profiles of solute concentra-
tions in the interstitium of the renal medulla changed as an
exponential function. From the slope of a regression line of the
data reported for five rats plotted on a semi-logarithmic scale,
we obtained a rate constant to be 1.935. This value was used for
calculation of profiles for each solute. Li concentration in the
lumen at the start of the descending limb was calculated by
multiplying plasma Li concentration by 1.16, which is the
value we obtained for tubular fluid/plasma (TF/P) lithium for
late proximal convolutions in the rat [12].
Results
Solute concentrations in plasma and renal papilla
Solute concentrations in systemic plasma and renal papillary
interstitial fluid are summarized in Table 2. In the control group
of rats, concentrations of both sodium and lithium in the papilla
were approximately three-fold their respective concentrations
in systemic plasma. In this group the sum of sodium, potassium
and lithium salts accounted for approximately one-half of the
total osmotic concentration. We assumed that the remainder
consisted of urea. In the furosemide group the osmolality of the
renal papilla was much reduced, to 373 mOsm/kg H20. Con-
centrations of Nat, K and Li were also much reduced; the
Osmolality
mOsm/kg
H20
Sodium Potassium Lithium
mM
Control group(N = 12)
Plasma
Papilla
Furosemide group(N = 10)
Plasma
Papilla
293 2
1734 94
290 2
373 12
140 1
439 27
138 1
185 3
4.3 0.1
30.2 3.0
3.9 0.2
9.8 1.7
0.30 0.02
0.97 0.09
0.23 0.01
0.34 0.03
Values are mean SE.
A
1.2
0
B
800
[ib1 LDLI ATL 1
sum of the electrolyte concentrations was more than enough to
account for the total osmolality.
Transport profiles along the thin loop segments in the control
group
Figure 1 illustrates profiles of solute concentrations along the
upper portion of the descending limb of the long-looped
nephron (LDLu), the lower portion of the descending limb of
Table 1. Phenomenological coefficients of thin loop segments Table 2. Osmolality and ion concentrations of plasma and renal
papillary interstitial fluid
Abbreviations are: LDLu, upper portion of long-loop descending
limb; LDLI, lower portion of long-loop descending limb; ATL, ascend-
ing thin limb; Lp, hydraulic conductivity; P, permeability coefficient
for solute 5; reflection coefficient for solute S. Values in parentheses
are comparable values obtained from rats [15, 23, 24].
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Fig. 1. Profiles of solute concentrations along the thin loop segments
in the control group of rats. Broken lines are interstitial solute concen-
trations expressed as linear functions. Abbreviations are: LDLu, upper
portion of the long-loop descending limb; LDLI, lower portion of the
long-loop descending limb; ATL, ascending thin limb.
2.0 4.0 6.0 8.0 10.0
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[LDLuI LDLI I ATL I
the long-looped nephron (LDL1), and the ascending thin limb
(ATL). The patterns of profiles for NaC1, KC1, and urea were
qualitatively similar to those reported previously U, 23]. All
solute concentrations increased along the descending limb and
decreased along the ascending limb. Along the descending limb,
the concentration of NaCI was always higher than that in the
interstitium, whereas urea concentration was lower. The con-
centration of KCI was lower in the initial part, then became
higher, and then became lower again in the later part of the
descending limb. In the very short initial portion of the ascend-
ing limb, urea concentration in the lumen was lower than that in
the interstitium. Along the later part of the ascending limb,
however, the concentrations of all solutes were slightly higher
than those in the interstitium. The profile of LiC1 concentration
was similar to that of NaC1.
Figure 2 summarizes profiles of mass flow of solutes and
water. It was noted that about 43% of delivered water was
absorbed in the LDLu, while 40% was absorbed in the LDL1.
About 40 to 50% of delivered Na and Li were absorbed in the
descending limb, whereas about 13% of delivered K was
secreted into the lumen along the descending limb. Urea was
secreted along the entire descending limb, the magnitude being
greater in the LDL1. All solutes were reabsorbed along the
ATL.
As part of the simulation, we analyzed the contribution of
three driving forces to solute movement across the tubular wall
along the thin loop segments. These comprised: (i) diffusion of
solutes down concentration gradients, (ii) diffusion of solutes
driven by electrical forces, and (iii) transport of solutes by
solvent drag. In all segments, diffusion down concentration
gradients was the main driving force for each solute (data not
shown).
Transport profiles along the thin loop segments in the
furosemide-treatedgroup
The furosemide group was characterized by marked reduc-
tions in axial concentration gradients of solutes in the renal
medulla (Table 2). In particular, the urea concentration gradient
was virtually abolished. As a consequence, solute concentra-
tion profiles were blunted (Fig. 3). In contrast to the control
group, the concentration of K in the descending limb was
lower than that in the interstitium, while the intratubular
concentration of urea was higher than in the interstitium. In the
early portion of the descending limb, Li concentration was
higher in the lumen than in the interstitium, whereas this was
reversed in the later portion.
The profiles of mass flow in the furosemide-treated group are
depicted in Figure 4. Because of the diminution of the axial
osmotic gradient, water reabsorption along the descending limb
was markedly reduced. Very small amounts of Na and Li
absorption were observed in the descending limb, while K was
A LDLuI LDLI ATL
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Fig. 2. Profiles of mass flow of solutes and water along the thin loop
segments in the control group of rats. Note that the values for KCI are
multiplied by 10 to magnify the scale. Abbreviations are the same as in
Fig. 1.
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Fig. 3. Profiles ofsolute concentrations along the thin loop segments
in the furosemide-treated group of rats. Explanation and abbreviations
are the same as in Fig. 1.
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However, it remained to be determined how lithium was
handled by the long-looped nephrons. In the present paper this
issue was addressed with a computer simulation study based on
a mathematical model previously reported [1], applying known
phenomenological coefficients for water and solute transport in
the thin loop segments and incorporating papillary solute con-
centrations determined experimentally in rats.
It has already been reported that in dogs [161 and rats [17] the
concentration of Li in renal papillary tissue is higher than that
in cortical tissue, but, as indicated earlier, tissue measurements
are not necessarily good guides to interstitial fluid concentra-
tions. In the present study, using direct measurements of
papillary interstitial fluid, the existence of a cortico-medullary
10 0 concentration gradient for lithium, similar to that for sodium,
was confirmed in the rat kidney. In addition, we demonstrated
that administration of furosemide markedly reduced this gradi-
8.0 ent, along with the gradients of osmolality, Na and K.
The present simulation study has been conducted based on
6.0 .2 the following assumptions. First, we assumed that solute con-
centration gradients in the renal medulla are exponential func-
4.0 tions; whether this is the case for every solute is debatable. In
the present study, we calculated the rate constant of the
2.0 exponential function based on the reported data for the rat renal
medulla [26]. Secondly, we calculated Li concentration in the
0 lumen at the start of the descending limb by multiplying plasmaLi concentration by 1.16, which is the value we obtained for
TF/P Li at late proximal convolutions in the rat [12]. Although
this value is consistent with recent reports from two other
laboratories [27, 28], it is at variance with the value of unity
found in the original investigation by Hayslett and Kashgarian
[6]. However, even if we had chosen a TF/P Li of unity, the
results would have been little changed. Thirdly, we applied
phenomenological coefficients obtained for hamsters, rather
than rats, because most of the parameters for thin loop seg-
ments have been determined in the hamster [15, 23, 24, 29, 30].
In our judgment, this should not cause serious problems be-
cause the functions of the thin loop segments appear to be very
similar in these two species [15, 24]. Nevertheless, the absence
of hard data on each and every parameter required for computer
simulation, and the consequent need to make a number of
assumptions, must call into question the precision of the
quantitative information derived from our model. We believe,
however, that the model can provide useful, otherwise unob-
tainable, information on events in the thin limbs of Henle's
loop. We confirmed that our conclusion was unchanged even if
we replaced some parameters with those actually obtained in
rats (data not shown). It is clear, however, that the current
mathematical model is not ideal for simulating the countercur-
rent multiplication system operating in the renal inner medulla,
but simply provides a rough estimation of the fluxes of solutes
and water by passive equilibration based on the assumption that
solute concentration gradients have been already established.
Before discussing the transport profile of Lit, it is necessary
to compare the profiles of other solutes in this study with those
reported previously [1, 23]. Although the profiles of Na and
urea were qualitatively similar to those in previous studies,
some quantitative differences deserve mention. In the present
simulation the amount of Na reabsorbed along the descending
limb was about 42% of that delivered. This value is comparable
to that reported previously (39%) [1]. However, when we used
LDLuI LDLI AlL ]A
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Fig. 4. Profiles of mass flow of solures and water along the thin loop
segments in the furosemide-treated group of rats. Note that values for
both KCI and urea are multiplied by 10 to magnify the scales. Abbre-
viations are the same as in Fig. I.
secreted. In the ATL there was significant Nat, K and Li
reabsorption. As in the control group, diffusion of solutes down
concentration gradients was the main driving force for net
solute fluxes (data not shown).
Table 3 summarizes net solute and water fluxes along thin
loop segments in the two groups of rats, both in absolute terms
and as percentages of the amounts delivered to the loop. As
already indicated, in furosemide-treated rats the reabsorption of
sodium as well as lithium was markedly reduced in the descend-
ing limb. Net fluxes of sodium and lithium in the thin ascending
limb also decreased during furosemide treatment. Potassium
secretion along the descending limb increased to 40% of the
delivered amount. Urea secretion, observed in the control
group, changed to net reabsorption during furosemide treat-
ment.
Hayslett and Kashgarian [6] were the first to demonstrate by
direct micropuncture of superficial nephrons in rats that net
lithium flux occurs between late proximal convolutions and
early distal puncture sites. Although this was attributed to
lithium reabsorption in the proximal straight tubule, the possi-
bility of lithium reabsorption in Henle's loop could not be ruled
out. A more recent study has provided evidence that an
appreciable amount of furosemide-sensitive lithium reabsorp-
tion occurs in the loop of Henle of superficial nephrons [12].
Discussion
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L-
Delivery LDLu LDLI ATL total
Na C 1400 —238 354 518 —1111
pmol/min (%)
F 1380
(—17)
—4
(—0.3)
(—25)
3
(0.2)
(—37)
—310
(—23)
(—79)
—312
(—23)
K C 43 0.9 4.6 —37 —31
pmol/min (%)
F 39
(2)
3
(8)
(11)
12
(32)
(—85)
—20
(—52)
(—72)
—5
(—12)
Li C 3.5 —0.9 —0.8 —1.1 —2.8
pmol/min (%)
F 2.7
(—27)
—0.3
(—12)
(—22)
0.05
(2)
(—33)
—0.6
(—21)
(—82)
—0.8
(—31)
C 50 26 1120 —1020 126
pmol/min (%)
F 50
(52)
—0.05
(—0.1)
(2239)
—6.4
(—13)
(—2040)
—6.1
(—12)
(251)
—12.6
(—25)
Jv C 10 —4.3 —4.0 0.0 —8.3
nI/mm (%)
F 10
(—43)
—0.3
(—3)
(—40)
—2.2
(—22)
(0)
0.0
(0)
(—83)
—2.5
(—25)
Abbreviations are: and are net solute and volume
a linear concentration gradient in the interstitium, Na reab-
sorption along the descending limb became 60%, although Na
reabsorption along the ascending limb decreased to 21%. Thus
the total Na flux along the thin loop segments was not changed
very much. K secretion along the descending limb was 12%, a
value which was very much smaller than that reported previ-
ously (about 250%) [1]. The difference is mainly accounted for
by the fact that the inner medullary urea concentration in the
present study was greater. The concentration gradient for urea
used in the previous study was determined during exposure of
the renal papilla for in vivo micropuncture, circumstances
which are known to reduce the medullary urea concentration
markedly [31]. We consider that the values in the present study
may represent a more physiological condition. However, be-
cause the simulation profile was greatly influenced by the
assumption of the pattern of the interstitial solute concentra-
tion, we cannot draw firm quantitative conclusions at the
present time.
During furosemide treatment, the profile of water and solute
transport in the thin ioop segments changed considerably,
mainly due to dissipation of solute concentration gradients in
the medulla. Fractional reabsorption of water and Na were
markedly decreased, net secretion of K was increased, and
net urea flux was changed from secretion to reabsorption.
In the control animals the profile of Li transport was
remarkably similar to that of Nat Net Li reabsorption
occurred along the entire thin loop segments, the overall
fractional Li reabsorption being 82%. In the furosemide
group, total Li reabsorption decreased to 31%. Decreases in
fractional reabsorption of Li were observed in all three thin
segments, suggesting that inhibition of Li absorption along
thin loop segments of the long-looped nephron is at least partly
responsible for the well-documented lithiuretic effect of fu-
rosemide [2, 8—121.
Comparison of the current simulation with the data obtained
by micropuncture of superficial nephrons [12] reveals-quantita-
tive differences. In the micropuncture study, approximately
25% of filtered Li' was reabsorbed between the late proximal
and the early distal puncture sites. When furosemide was
administered, fractional delivery of Li1 at the early distal
tubule was increased from 0.25 to 0.37 without affecting the
value at the late proximal convoluted tubule, indicating that the
reabsorption of about 12% of filtered Li is sensitive to fu-
rosemide. If it were assumed that all this furosemide-sensitive
lithium reabsorption occurred in the loop (which might be an
overestimate since furosemide might conceivably affect the
pars recta [121), this would mean that the delivery of Li from
the pars recta to the descending limb of the superficial (short-
looped) nephron would be 37% of filtered Lit On this basis, the
loop of the superficial nephron would have the capacity to
reabsorb 32% (12/37) of delivered Lit Thus, if the computer
simulation were accurate, the Li reabsorptive capacity of the
long-looped nephron would be higher than that of the short-
looped nephron.
Finally, a number of factors which might lead to the model
overestimating thin loop Li reabsorption in the deep nephron
population should be noted. First, the simulation was made on
the single longest loop of Henle. Since the transport capacity
will depend on the tubular length, the value we obtained
represents the maximal capacity for a single nephron. Sec-
ondly, we assumed that the transition of LDLu to LDLI was at
the junction between outer and inner medulla, whereas the
actual position of the transition varies among nephrons; the
shorter nephrons tend to have a shorter LDLu. Thirdly, some
of the permeability properties of the LDLu vary among neph-
rons [30]. It is possible that the Li permeability of shorter
nephrons is lower than the value used in this study. Thus, it is
possible that the average capacity of long-looped nephrons may
well be significantly less than our calculated value of 82%.
In conclusion, although based on a number of assumptions
which may be challenged, our computer simulation study
suggests that a considerable fraction of Li is reabsorbed in the
thin loop segments of deep nephrons by passive mechanisms.
The furosemide dependency of this reabsorption is due to
dissipation of the osmotic concentration gradient in the renal
medulla, rather than a direct tubular action of this drug.
Therefore, when interpreting the results of lithium clearance
studies, considerable caution should be exercised, especially
when solute concentration gradients in the renal medulla are
altered.
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